Purpose: To evaluate the microstructural features of cytomegalovirus (CMV) retinitis by spectral domain optical coherence tomography (OCT).
C ytomegalovirus (CMV) retinitis is a visionthreatening condition that afflicts immunocompromised patients. 1 Although traditionally a condition encountered in patients with human immunodeficiency virus (HIV)/acquired immunodeficiency syndrome, the advent of and advances in antiretroviral therapy have significantly reduced the incidence of CMV retinitis and improved visual outcomes from CMV retinitis in this population. [2] [3] [4] Nevertheless, CMV retinitis continues to cause vision loss in patients with HIV. 4, 5 Moreover, CMV retinitis also occurs in non-HIV patients including posttransplant patients, especially those on potent immunosuppressive therapy. 5 Cases have also been reported after intraocular or periocular steroid administration in immunocompetent patients. 6, 7 Recently, our retrospective study of CMV retinitis from all causes at a tertiary care center found that CMV retinitis remains a vision-threatening problem with risk of vision loss and complications such as retinal detachment. 5 To date, the microstructural features of active CMV retinitis have not been well characterized in the context of optical coherence tomography (OCT), a modality that we have found clinically useful for monitoring macula-involving CMV retinitis. Various OCT findings such as vitreous debris, vitreous inflammation, retinal architectural disruption, hyperreflective foci, ellipsoid zone (EZ) abnormality, and retinal thickening or thinning have been reported in a case report fashion (two reports of one case each, 8, 9 as well as one case series reporting each of the four individual cases). 10 This study adds to the existing case report literature by evaluating, in a systematic cohort study fashion, the microstructural abnormalities noted on spectral domain (SD) OCT imaging of macula-involving CMV retinitis in distinct zones of retinitis (active retinitis, leading edge of retinitis, and just beyond the leading edge of retinitis), as well as by evaluating how these features evolve over longitudinal follow-up.
Methods
This is a retrospective, observational cohort study of all patients with newly diagnosed macular CMV retinitis who presented to Weill Cornell Medical College (WCMC) between 2007 and 2015 and had SD-OCT imaging performed. The study protocol was approved by the Institutional Review Board of WCMC, and the study was performed in a manner compliant with the Healthcare Insurance Portability and Accountability Act and the tenets put forth in the Declaration of Helsinki.
The electronic medical record database was queried for all patients with a diagnosis of "CMV retinitis" (ICD-9 078.5; ICD-10 B25.8 and H30.9). The charts of these patients were evaluated to identify patients who met the following inclusion criteria: 1) diagnosis of macula-involving active CMV retinitis based on examination by an experienced retina or uveitis specialist, 2) positive serum or intraocular CMV polymerase chain reaction titers, and 3) SD-OCT imaging available from the time of diagnosis of macular retinitis. The presence of media opacity limiting quality of OCT imaging was an exclusion criterion.
The charts were reviewed to record demographic information, ophthalmic history, and medical history including the cause of immunosuppression and CD4 count (if available). The following ophthalmologic examination details were recorded: best-corrected visual acuity (VA), presence or absence of vitreous detachment, vitreous cell, vitreoretinal interface abnormalities, epiretinal membrane (ERM), cystoid macular edema, and foveal involvement of retinitis. Treatment modalities used during the study period (defined as from the time of diagnosis of macular CMV retinitis until the last available follow-up with SD-OCT imaging available) were recorded, including systemic antiviral therapy, intravitreal antiviral therapy, CMVspecific T-lymphocyte intravenous infusions as previously described, 11 and/or surgery.
Spectral domain OCT volume scans (ranging from 20°· 15°[5.9 · 4.4 mm] with 37 B scans and 123 mm between B-scan images to 20°· 25°[6.3 · 7.8 mm] with 61 B scans and 131 mm between B-scan images) obtained using the Heidelberg Spectralis HRA (Heidelberg Retinal Angiograph) + OCT system (Heidelberg Engineering, Inc, Heidelberg, Germany) were reviewed by a retina specialist (M.P.G.). The entire volume scan was evaluated to assess for foveal involvement, foveal cystoid macular edema, vitreous cell, vitreous debris, posterior vitreous detachment (PVD), ERM, and in patients without PVD, subhyaloid hyperreflective deposits. The "largest focus of macular retinitis" and its leading edge were identified from fundus photographs (available in all patients; from the Optos 200Tx [Optos PLC, Dunfermline, Scotland, UK] or Topcon TRC NW8 Fundus Camera [Topcon Medical Systems, Inc., Oakland, NJ]), fundus autofluorescence images (when available; from the Optos 200Tx imaging system), and fluorescein angiographs (when available; from either the Optos 200Tx system or the Heidelberg Spectralis HRA + OCT system). The SD-OCTs were evaluated in three distinct regions relative to this "largest focus of macular retinitis": 1) active retinitis: defined as within the area of active retinitis .400 mm from the leading edge of retinitis; 2) leading edge of retinitis: defined as within the areas of retinitis ,200 mm from the leading edge of retinitis; and 3) beyond the leading edge of retinitis: defined as approximately 200 mm beyond the leading edge of retinitis. In each of these areas, the following OCT features were evaluated: disruption of retinal architecture (defined as none, trace, moderate, or severe); disruption of inner retinal layers (DRILs, defined as the inability to distinguish boundaries between the ganglion cell-inner plexiform layer complex, inner nuclear layer, and outer plexiform layer); presence or absence of cystoid macular edema; intact or disrupted external limiting membrane (ELM); abnormalities in the EZ (defined as intact, irregular/ granular, or absent); presence or absence of hyperreflective intraretinal or subretinal deposits; presence or absence of subretinal fluid; abnormalities in the retinal pigment epithelium (RPE) layer; and overall thickening or thinning of the retina (defined as the area within the boundaries of the internal limiting membrane [ILM] and the RPE).
Statistical analyses were performed using Fisher's exact test for categorical, nonparametric variables and using Student's two-tailed t-test for parametric variables (logarithm of the minimum angle of resolution [logMAR] VA), with P , 0.05 taken to be significant.
Results
Of 70 patients identified with a billing diagnosis of CMV retinitis, 10 eyes of 8 patients were included in this study. Sixty-two patients were excluded because of no history of CMV retinitis (11), history of CMV retinitis that was no longer active (33), active CMV retinitis not involving the macula (11) , macular CMV retinitis with no available OCT imaging (5), or with media opacity limiting imaging quality (2) .
Of the 10 eyes of 8 patients included in this study, mean age at diagnosis of macula-involving CMV retinitis was 43.4 (range 22-56) years, and there was no sex predilection (50% men, 50% women). The underlying immunosuppression was due to HIV/ acquired immunodeficiency syndrome in seven eyes (70%) of five patients (62.5%) and due to history of hematologic malignancy status after bone marrow transplant and ongoing immunosuppressant therapy for either graft-versus-host disease prophylaxis or as part of a chemotherapy regimen in three eyes (30%) of three patients (37.5%). CD4 counts were available for 9 of the 10 eyes, with a mean CD4 count of 39.5 (range 0-104) cells/mm 3 . Mean length of follow-up was 8.0 (range 1.4-17.5) months. During the study period, nine eyes (90%) received systemic antiviral and intravitreal antiviral therapy, and two of these eyes (20% of all eyes in the study) also underwent surgical placement of a ganciclovir implant (Vitrasert; Bausch & Lomb, Rochester, NY). One eye (10%) had previously been treated with multiple systemic and intravitreal antivirals at another institution but during the study period at our institution was treated with intravenous CMV-specific cytotoxic T-lymphocyte infusions alone, with eventual long-term resolution of retinitis as previously reported. 11 At the time of initial diagnosis of macular CMV retinitis, average logMAR VA was 0.33 (Snellen equivalent 20/43).
Vitreous and vitreoretinal interface abnormalities were frequently noted (Table 1) . Vitreous cells were more likely to be identified on OCT imaging (10 eyes, 100%, Figure 1 , A and B) than by clinical examination (3 eyes, 30%) (P = 0.003). Vitreous debris was noted on OCT in seven eyes (70%, Figure 1B ). Four eyes (40%) exhibited PVD on initial OCT imaging. The incidence of PVD on OCT increased by last followup to 9 of 10 eyes (90%). Ultrasound was not performed in any eyes for comparison for presence of vitreous cells, vitreous debris, and/or PVD. One patient exhibited gliosis of the posterior hyaloid with taut, broad-based vitreomacular adhesion and traction over an area of active retinitis ( Figure 1C ). In eyes without PVD at the time of initial diagnosis, five of the six eyes (83.3%) exhibited hyperreflective deposits on the posterior surface of the hyaloid ( Figure 1A ). At the time of initial diagnosis of macular CMV retinitis, eight eyes (80%) exhibited some degree of ERM formation, including over retina that was both unaffected ( Figure  1D ) and affected ( Figure 1E ) by CMV retinitis. None of these patients were noted to exhibit ERM on clinical examination alone (P = 0.025). All 10 eyes (100%) had ERM on OCT imaging by the last follow-up. In addition to an ERM, one patient also had a separate thicker, medium reflectivity, highly adherent membrane consistent with lamellar hole-associated epiretinal proliferation, which in this case was associated with an eccentric full-thickness macular hole in an area of retinitis and atrophy ( Figure 1F and Table 1 ). This eccentric macular hole did not subsequently enlarge or result in a retinal detachment during the study period.
Optical coherence tomography revealed foveal abnormalities in six eyes (60%) ( Table 1) . Of these six eyes, five (83.3%) also exhibited foveal involvement on clinical examination, whereas one (16.7%) exhibited no evidence of foveal involvement on clinical examination or on fundus photographs (P = 1.00). Figure 2A and Table 1 ).
The retinal architecture was noted to be severely disrupted (see Figure 2C for a representative image of degrees of retinal architecture disruption) within the area of active retinitis in all 10 eyes at diagnosis, and the degree of retinal architectural disruption decreased at and beyond the leading edge of retinitis ( Table 1) . Evidence of some degree of retinal architectural disruption was noted in the retina beyond the leading edge of retinitis in 8 of the 10 eyes (80%). Disruption of the inner retinal layer ( Figure 2C ) likewise was noted in all eyes (100%) within the area of active retinitis, and its frequency decreased at the leading edge and beyond (Table 1 ). All areas with moderate to severe retinal architecture disruption also exhibited DRIL. Of the areas with trace retinal architecture disruption (all within the area just beyond the leading edge of retinitis), only 50% also exhibited DRIL ( Figure 2C ). Over time, the retinal architecture worsened such that at the leading edge of retinitis, nine eyes (90%) exhibited severe disruption of the retinal layers by the final follow-up, and in the area just beyond the leading edge, three eyes (30%) exhibited severe disruption of the retinal layers. In addition, two of the three eyes (66.7%) initially with trace retinal architecture disruption and DRIL exhibited worsening of the retinal architecture over time, whereas 0 of the three eyes (0%) with trace architectural disruption without DRIL exhibited overall worsening of retinal architecture. However, the association of DRIL with longitudinal worsening retinal architecture did not achieve statistical significance (P = 0.40). Within the area of active retinitis, there was noted to be one or more areas of preserved and detached ILM overlying atrophic retinal changes in eight eyes (80%, Figure 2D and Table 1 ).
The EZ was absent on OCT in the area of active retinitis in all 10 eyes (100%; see Figure 2C for representative images of degrees of EZ disruption). The degree and frequency of EZ abnormalities decreased at and beyond the leading edge of retinitis (Table 1) . At leading edge of active retinitis, all 10 eyes (100%) had EZ abnormalities, with 8 eyes (80%) showing absence of the EZ and 2 eyes (20%) showing irregularity and/ or granularity of the EZ. In the retina just beyond the leading edge of retinitis, the EZ was intact in only one eye (10%), whereas eight eyes (80%) exhibited irregularity and granularity, and one eye (10%) exhibited absence of the EZ (Table 1) . At initial diagnosis, ELM disruption was noted in all 10 eyes (100%) in the area of active retinitis, in 8 of the 10 eyes (80%) at the leading edge, and in 1 of the 10 eyes (10%) at the area beyond the leading edge of retinitis (Table 1 and Overall, the EZ abnormalities persisted or worsened through the last follow-up in all 10 eyes in each of the 3 areas studied (i.e., in all 30 locations studied) except in 1 eye in the area beyond the leading edge of retinitis, where the EZ had initially been irregular but subsequently normalized by the last follow-up. In this eye, the ELM was initially intact in the area where the EZ eventually normalized. Figure 3 is a representative case demonstrating fundus photographs with the three discrete zones (active retinitis, leading edge of retinitis, and beyond the leading edge of retinitis) noted ( Figure 3A) . Fundus autofluorescent imaging ( Figure 3B) shows hypo-and hyperautofluorescence in the area of active retinitis with a hyperautofluorescent border and a subtle surrounding hyperfluorescence, the boundaries of which are not clearly evident. Optical coherence tomography imaging through the three zones of retinitis exhibit microstructural abnormalities that are worst in the area of retinitis and least notable in the area beyond the leading edge of retinitis (Figure 3, C-E) .
We noted that identification of the boundary of EZ abnormality on OCT may be useful for tracking progression or stability of CMV retinitis. The location marker in the Heidelberg Spectralis viewing system was placed at the border of normal and abnormal EZ at initial OCT and referenced for longitudinal comparison. In well-controlled CMV retinitis, the EZ abnormalities did not progress beyond the marker. Over time, additional retinal abnormalities, most notably further destruction of retinal architecture and retinal thinning were noted in the retina overlying affected, abnormal EZ, whereas the retina overlying normal EZ remained stable. With progressive CMV retinitis, the border of abnormal EZ progressed farther into the area of previously normal appearing retina and EZ. Two representative cases are shown here (Figure 4) . Case one is a 56-year-old man with HIV/acquired immunodeficiency syndrome (CD4 count 27 cell/mm 3 ) and a history of lymphoma in remission after chemotherapy who was diagnosed with macula-involving CMV retinitis in the right eye for which he was started on systemic oral valganciclovir and intravitreal antivirals. On follow-up 10 days later, the retinitis had progressed clinically, which was evident on OCT by extension of the boundary of abnormal EZ, as well as worsening overlying intraretinal involvement ( Figure 4A ). Therapy was escalated and achieved control of CMV retinitis, such that on OCT imaging 2 months later ( Figure 4B ), the boundary of abnormal and normal EZ remained stable and the retina overlying the area of abnormal EZ demonstrated progressive retinal thinning. The retina overlying the Fig. 3 . Imaging of a representative case of CMV retinitis showing OCT findings in areas of active retinitis, the leading edge of retinitis, and beyond the leading edge of retinitis noted on fundus photographs. A. Fundus photographs of a case of macular CMV retinitis in the left eye in which the largest focus was over the superior arcades with retinal whitening and hemorrhage. The area of active retinitis (red circle), leading edge of retinitis (blue circle), and area of retina just beyond the leading edge (yellow circle) are noted. B. Fundus autofluorescence imaging of the same patient showed hypo-and hyperautofluorescence in the areas of active retinitis with a hyperautofluorescent border at the leading edge, the boundaries of which are not clearly evident. The area of active retinitis (red circle), leading edge of retinitis (blue circle), and area of retina just beyond the leading edge (yellow circle) are noted. C-E. Optical coherence tomography imaging through the area of active retinitis (C), leading edge of retinitis (D), and beyond the leading edge of retinitis (E) reveal microstructural abnormalities. (C) The area of active retinitis (red arrow) reveals severe retinal architectural disruption and obliteration of the EZ and ELM. D. The leading edge (red arrow) reveals moderate retinal architectural disruption with thickening and irregularity of the EZ (red arrowhead), absence of the ELM (red arrowhead), and subretinal fluid and hyperreflective subretinal deposits (red arrowhead). E. The area beyond the leading edge of retinitis (red arrow) reveals relatively intact retinal architecture but a few intraretinal hyperreflective foci, thickening and irregularity of the EZ, intact ELM, and subretinal fluid and hyperreflective deposits. unaffected EZ retained its architecture and thickness ( Figure 4B ). Case two is a patient in whom CMV retinitis control was achieved initially, with no interval change in the boundary of normal and abnormal EZ from the time of diagnosis to 17.5 months later. Again, there was progressive retinal thinning of the retina overlying the abnormal EZ, whereas the retina overlying intact EZ remained normal ( Figure 4C ).
Subretinal hyperreflective deposits were noted in the area of active retinitis in three eyes (30%), at the leading edge in four eyes (40%), and beyond the leading edge in two eyes (20%). Subretinal fluid or hemorrhage was noted in the area of active retinitis in one eye (10%), at the leading edge in three eyes (30%), and beyond the leading edge in two eyes (20%). Retinal pigment epithelium thickening was noted in the area of active retinitis in six eyes (60%), at the leading edge in four eyes (40%), and beyond the leading edge in two eyes (20%) ( Table 1) .
Overall, 10 eyes (100%) exhibited one or more abnormalities on OCT in the retina just beyond the leading edge of retinitis. By last follow-up, two of these eyes (20%) exhibited normal retinal microstructure on OCT in this area, whereas 8 (80%) exhibited some degree of retinal architecture disruption (3 eyes [30%] with severe disruption) and EZ abnormalities. Five of those eight eyes also exhibited retinal thinning in this area.
Discussion
Despite advances in antiretroviral therapy for patients with HIV and a corresponding reduction in the Fig. 4 . The boundary of EZ abnormality was monitored longitudinally to assess for progression or stability at the leading edge of macular CMV retinitis (A-C). Case 1 (A and B) is a patient who had OCT evidence of macular CMV retinitis with retinal architecture disruption and EZ abnormalities (the boundary of which is denoted by the green line marker) at presentation (A, top panel). At follow-up 10 days later, the CMV retinitis had progressed clinically, and OCT (A, bottom panel) showed progressive retinal thinning in the area of previously noted retinitis, as well as new areas of trace disruption of the retinal architecture and new areas of EZ disruption (red arrow; loss of EZ to the right of the green line marker). Therapy was escalated and achieved control of CMV retinitis clinically, which was also noted on OCT as no progression of the EZ abnormality from that time point (B, top panel; green line marker with EZ disruption to the left and intact EZ to the right) until follow-up 2 months later (B, bottom panel; green line marker continues to show disrupted EZ to the left and stable intact EZ to the right). The retina overlying abnormal EZ (B, top and bottom panels, left side of green line marker) demonstrated mild retinal thinning, whereas the retina overlying unaffected EZ (B, top and bottom panels, right side of green line marker) retained its architecture and thickness over time. Case two demonstrates a patient with well-controlled CMV retinitis, in whom follow-up OCT (C, bottom panel) 17.5 months after initial diagnosis (C, top panel) showed no progression of the EZ abnormalities (the border of which is denoted by the green line marker). There was progressive disruption of the retinal architecture and thinning of the retina in the retina overlying abnormal EZ (C, top and bottom panels, left side of green marker), but not in the retina overlying the unaffected EZ (C, top and bottom panels, right side of green marker).
incidence of CMV retinitis and its consequent visual morbidity, CMV retinitis continues to cause vision loss in patients. 4, 5 Previously, although OCT features of CMV retinitis have been reported in a case report fashion, [8] [9] [10] yet no study has systematically evaluated this topic. In this retrospective cohort study, we evaluated microstructural features on OCT imaging in the area of active retinitis, at the leading edge of active retinitis, and in retina just beyond the leading edge of retinitis, as determined by fundus photographs. We noted a high frequency of vitreoretinal and intraretinal abnormalities that could affect vision. Our description of these abnormalities may serve to shed light onto the effects of CMV on the retinal microstructure and accordingly on vision, as well as highlight the potential utility of OCT for monitoring macular CMV retinitis.
Cytomegalovirus retinitis is classically thought to impact vision when the retinitis affects the nerve or fovea, or when a retinal detachment occurs secondarily. In this study, we found several vitreoretinal interface abnormalities on OCT that can affect vision. One eye (10%) exhibited broad-based vitreomacular traction from an area of gliotic, thickened hyaloid that was highly adherent to an area of active retinitis. Eight of the 10 eyes (80%) in this study exhibited ERM at the time of initial diagnosis of macular retinitis, and all 10 (100%) eyes had ERM by last follow-up. Previous studies have noted a similar frequency of ERMs in patients with healed, inactive macular retinitis, 12 and one case report previously noted an ERM in the setting of active macular CMV retinitis. 9 Our study suggests that these ERMs may frequently be present early in the disease course.
A major mechanism for idiopathic ERM formation implicates PVD, in which either cortical vitreous remnants are left behind and proliferate or in which ILM breaks occur and subsequently allow cells to migrate to the inner retinal surface. Secondary ERM formation in inflammatory ocular disease is thought to be mediated by cytokines that promote proliferation of not only glial cells typically found in idiopathic ERMs but also leukocytes. 13 In this study, an inflammatory etiology is suggested by the relative higher frequency of ERMs (8 of the 10 eyes) than PVD (4 of the 10 eyes) at diagnosis, as well as the frequent identification of posterior vitreous cells on OCT and of hyperreflective deposits (which may represent cellular debris) on the posterior hyaloid surface of eyes without PVD. Vitreous cells were noted more frequently on OCT (10 eyes [100%]) than on examination (3 eyes [30%]) (P = 0.003). This may reflect the posterior localization of the vitreous cells identified on OCT, as compared to the anterior slit-beam assessment of vitreous cells during examination, or the superior resolution of OCT imaging. Previous case reports have also noted vitreous cells or debris on OCT imaging of CMV retinitis. 9 Although only four eyes (40%) had PVD at diagnosis of CMV retinitis, nine eyes (90%) had PVD by the last follow-up. It is unclear whether the increase in PVD rates over time is related to vitreoretinal interface changes secondary to retinitis or inflammation or to the frequent intravitreal injections administered for treatment.
In addition to ERMs, one patient also exhibited a medium reflectivity, thick, highly adherent membrane with features similar to lamellar hole-associated epiretinal proliferation (LHEP), which is thought to be a distinct entity from conventional ERM. Although LHEP is most commonly associated with lamellar holes, it is also seen in the setting of full-thickness macular holes. Although the pathogenesis of LHEP is still being investigated, it is currently thought that LHEP is driven by proliferation of Müller cells from the exposed middle retinal layers of the macular hole onto the inner retina. Thus, it is thought that the LHEP may be a response to hole formation rather than a cause-that is, the LHEP is not thought to exert traction contributing to hole formation. [14] [15] [16] Consistent with this hypothesis, the LHEP identified in this study was found in association with an eccentric macular hole in an area of retinitis that presumably occurred secondary to atrophy from CMV retinitis rather LHEPinduced traction.
Optical coherence tomography may suggest prognosis for VA if it were able to identify foveal involvement better than clinical examination or other imaging. In this study, foveal involvement by OCT at initial diagnosis was noted in six eyes (60%) and correlated, as expected, with worse VA at presentation (logMAR 0.44 vs. logMAR 0.15, P = 0.036) and exhibited a trend toward worse final VA (logMAR 0.97 vs. logMAR 0.12, P = 0.22). However, clinical examination had also identified foveal involvement in five of the six eyes with foveal involvement on OCT. Thus, it is unclear from this small study whether OCT may prove useful on this front.
In this study, we identified a number of retinal microstructural abnormalities from CMV retinitis. The hallmark feature was marked disruption of the retinal architecture which was most severe in the area of active retinitis and decreased in severity at and beyond the leading edge of retinitis. Even beyond the leading edge of retinitis, OCT revealed some retinal architectural disruption. Case reports have also previously reported retinal architecture disruption on OCT in CMV retinitis. 9, 10 Although DRIL was noted in all cases with moderate or severe retinal architectural disruption, we did note that 50% of eyes with trace architectural disruption exhibited no DRIL. The retinal architectural abnormalities in these eyes primarily involved middle and outer retinal layers, suggesting that the outer retina may be affected earlier on in CMV retinitis. Previous studies in other disease states such as diabetic macular edema have suggested that DRIL can be an imaging marker for VA and that change in DRIL can be a marker for change in VA. 17 The impact of retinal architecture disruption and DRIL in this study on vision is unclear as most cases involved nonfoveal CMV retinitis. However, eyes with only trace retinal architectural disruption but evidence of DRIL were more likely to exhibit worsening of the retinal architecture over time, although this did not achieve significance, possibly because of the small sample size.
Eight eyes (80%) in this study revealed areas of ILM separation over areas of retinal atrophy, as if the ILM initially remained intact while the underlying retina atrophied. Previous studies have suggested that although CMV does infect Müller cells, [18] [19] [20] they may be more resistant to infection than other retinal and retinal vascular tissues. 19, 20 This relative resistance to infection may explain why the ILM, formed by footpads of the Müller cells, initially remained intact even when the underlying retina underwent necrosis.
Ellipsoid zone abnormalities, also noted previously in two previous case reports, 9, 10 were universally present in areas of active retinitis and decreased in frequency and severity at and beyond the leading edge of active retinitis, although there was a high frequency (90%) of EZ abnormalities beyond the leading edge of retinitis. Although ELM disruption was also noted in all eyes within the area of active retinitis, it was infrequently noted (10%) beyond the leading edge of retinitis. Moreover, ELM disruption correlated to worse EZ features and was universally noted in cases with absent EZ, infrequently noted in areas with milder EZ abnormalities, and never noted in areas of intact EZ. These findings suggest that ELM disruption may occur later in CMV retinitis than EZ changes and are consistent with other studies suggesting that disorganization in the ELM is a later effect than EZ disruption in photoreceptor damage. [21] [22] [23] Studies in other disease states also suggest that photoreceptor restoration occurs in the opposite direction (with EZ recovery occurring later than ELM recovery) 24 ; however, only one of the 30 evaluated retinal areas in this study exhibited recovery of the EZ (and this eye had baseline intact ELM). Finally, although abnormalities in the EZ and ELM have been correlated to reduced VA in a multiple other retinal diseases, [25] [26] [27] [28] the infrequency of foveal-involving macular CMV retinitis in this study precluded the ability to correlate these features to VA.
A previous case series reported a halo of hyperautofluorescence at the leading edge of clinically evident CMV retinitis and suggested that increased engulfment of cellular and photoreceptor debris by RPE and/or microglia in this area may be responsible. 29 Our findings of EZ and ELM disruption as well as accumulation of subretinal hyperreflective deposits that may contain fluorophores (4 eyes, 40%) and RPE thickening (4 eyes, 40%) at the leading edge of retinitis lend further support to the theory that a pathologic process involving increased phagocytosis of photoreceptor cellular debris may be occurring at the leading edge of retinitis.
Several findings in this study suggest that the outer retinal tissues may be affected earlier than inner retinal tissues in the course of CMV retinitis. We noted a high frequency of outer retinal (EZ and ELM) abnormalities at and beyond the leading edge of retinitis. In addition, we noted cases beyond the leading edge of retinitis that exhibited no DRIL but had trace architectural disruption primarily involving the middle and outer retinal layers. Although only 50% of eyes had DRIL beyond the leading edge of retinitis, 90% exhibited EZ abnormalities. The susceptibility of outer retinal tissues to CMV virus is supported by the aforementioned case series reporting autofluorescence abnormalities in the retina beyond the leading edge of retinitis, 29 as well as by a mouse model study in which CMV virions were injected into the supraciliary body of immunosuppressed mice. 19 The retinitis was noted to affect the RPE and photoreceptors early on, with subsequent damage to the inner retinal neural tissues and Müller cells. It should be noted, however, that although the findings of this description study are suggestive of earlier damage to the outer retina from CMV retinitis, it is not possible to assess whether these microstructural abnormalities are due earlier spread of virus particles to the outer retina or due to increased susceptibility of these outer retinal tissues to penumbra effects such as inflammation from adjacent infectious retinitis. Overall, in this study, 10 eyes (100%) exhibited one or more abnormalities on OCT in the retina beyond the leading edge of retinitis. By the last followup, two eyes (20%) exhibited normalization of the microanatomy, suggesting that there may be a penumbra effect in at least some cases. For the eight eyes (80%) with persistent retinal microstructural abnormalities, it is unclear if the retinal abnormalities were due to progressive damage to the retina already affected at the time of diagnosis or if the retinitis had progressed. Further studies with more patients are needed to evaluate this further.
The frequent identification of microstructural abnormalities on OCT in areas of retina beyond the leading edge of retinitis identified by fundus photography suggests that the detailed microscopic resolution afforded by OCT may allow better determination of the precise boundary of involvement. This may, in turn, improve detection of microscopic progression. Among all the abnormalities noted on OCT in this study, we noted that the sharpest identifiable boundary between normal and abnormal microstructure was at the junction of normal and abnormal (irregular or absent) EZ. Moreover, as noted above, our study and other studies 19 suggest that EZ disruption may be an early microstructural abnormality in CMV retinitis. Monitoring the boundary of EZ involvement on OCT over sequential visits may be helpful in identifying stable versus progressing cases. We propose that if the CMV retinitis remains controlled, the transition between normal and abnormal EZ remains stable. If CMV retinitis progresses clinically, the boundary of normal and abnormal EZ advances. In addition, over time, the retina overlying abnormal EZ develops progressive microstructural abnormalities including disruption of the retinal architecture and thinning, whereas the retina overlying normal EZ retains normal architecture. Although CMV retinitis progresses slowly in most cases, micrometers of progression can have significant impact of vision in retinitis threatening the nerve or fovea. Moreover, earlier detection of progression may allow earlier escalation of or changes in therapy. Thus, the use of OCT to monitor for microprogression may have clinical utility, although such an analysis was beyond the scope of this descriptive study. Further studies are necessary to evaluate the utility of OCT imaging in general and OCT EZ abnormalities in particular for monitoring CMV retinitis, especially in comparison with clinical examination and other imaging modalities such as fundus photos or autofluorescence.
This study has several limitations, including its retrospective, observational nature and the small number of cases included. In addition, because of the retrospective nature, boundaries of active retinitis were identified by fundus photographs and (when available) additional imaging. There are no data on the accuracy and precision of retinitis boundary assessment from fundus photographs; however, the extent of retinitis noted on clinical examination could not be determined retrospectively. Still, many previous studies evaluating CMV retinitis progression rates have used fundus photography. Comparison of OCT imaging with clinical examination may nevertheless be more clinically relevant, and future studies may evaluate this further. The retrospective nature and absence of a gold standard to identify progression versus stability (e.g., aqueous CMV viral load) similarly precluded the ability in most cases to determine whether changes over time were due to evolution of the disease itself or progression of retinitis. Correlation with fundus autofluorescence would have been instructive; however, autofluorescence imaging was not available for several subjects in this already small sample size study. Finally, this study is descriptive and, therefore, was not designed to evaluate whether or how OCT imaging can change management of CMV retinitis. Further studies are necessary to this end.
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